Introduction
Over the last three decades, there has been an exponential increase in the understanding of trauma-related pathophysiological and biochemical processes, and much of this advancement has been due to a similar evolution of devices that are available to measure/detect these changes such as near infra-red spectrometry (NIRS), tissue microdialysis and portable thromboelastography (TEG). [1] [2] [3] [4] [5] [6] [7] Fundamentally, the changes that have occurred are an increase in sensitivity and robustness of these devices accompanied by a marked decrease in physical sizethese two changes have allowed increased volume of data acquisition coupled with portability without the hindrance of large and bulky monitoring equipment. Current mobile devices are now capable of measuring a spectrum of physiological/biochemical markers such as lactate and glucose, alongside physical states by way of GPS, and accelerometers for instance that allow determination of an individual's health or performance status. [8] [9] [10] [11] [12] [13] [14] Alongside this, there have been significant advances in energy-saving technology 12, 13, 15 allowing the potential for continuous physiological monitoring, with applications in disease prevention, quality of care services and monitoring of workers in austere environments. Amongst these developments there have been substantial leaps in miniaturisation, multifunctionality and increased transmission capability. 12, 13, 16 Applying sensors onto limbs or around the torso has the potential to impede movement, regardless of the size of the sensor which is being overcome by miniaturisation of the sensors, which currently can now be less than 1 mm in size. Different avenues of incorporation also include wearable monitoring systems incorporated in smart fibres and interactive textiles (SFIT), which integrate the technology of biosensors into clothes and provide continuous physiological monitoring without anatomical hindrance. 17 These technologies are now being invested in heavily by the military, in an attempt to obtain superiority in warfare by advances in personal performance. The same ethos and mentality have been applied with great success in, for example, training for Olympic sports such as cycling, where 'the smallest physiological improvements in the preparation of athletes at Olympic standard and training strategy, preparation regime or ergogenic aids are potentially useful'. 18 Soldiers, to a large extent, can be considered as physically high-performing individuals; therefore, any battlefield advantage whether in terms of conditioning or medical care should be explored. Militarily, this technology will allow commanders to identify parameters and values that enable optimal physiological conditioning strategies for military personnel and allow for monitoring of physiological deterioration before it is clinically evident as well as continual monitoring of battle casualties/DNBI. The ultimate end point will be achieved when a small implantable sensor has been developed, capable of allowing for continuous monitoring of a spectrum of the individual's parameters, without the requirement of an external power source and secure transmissibility of data. Power is needed in the main to transmit data, and historically, this has been the rate limiting step; however, evolution in battery and power devices have enabled passive charging (movement generating or signal powered) to overcome these limitations.
Personnel monitoring
Injury in recruits remains an issue of high importance within the military, especially heat illness, as there is currently no accurate measure of physiological derangement or physical impact that allows monitoring of performance; current commercial monitoring modalities remain crude and non-specific. The ideal would be able to monitor preclinical parameters to prevent early-stage injury from deteriorating to manifest clinically, i.e. heat injury prevention by analysing heart rate, NIRS, substrate metabolism and differences between core and surface temperatures. Studies have evaluated NIRS as an early identifier of tissue hypoperfusion, and it has been shown to identify it prior to a measurable rise in lactate. 19 It is hoped that these technologies will also enable the determination of whether an individual is performing to their optimal level of fitness, by using a variety of physiological and biochemical parameters, to determine between actual and perceived fatigue -a parameter that is difficult to monitor using portable technology. Motorsports racing has trialled a relatively non-invasive measure of physiological state, by utilising, amongst other sensors a photoplethysmography sensor on the finger that is connected to a wrist-worn device, allowing for determination of the 'alert index' of a driver. 20 The mainstay of physiological sensors currently available rely on detecting infra-red variations in tissue such as pulse oximetry, accelerometers measuring changes in the x, y and z axes, and a correlation of all with GPS to allow for speed/distance calculations. More invasive sensors such as diabetic glucose monitoring rely on breaching tissue in order to obtain tissue fluid samples (blood or interstitial fluid) and subsequently analyse the fluid either with a reagent or microdialysis. Trials are currently underway to analyse the potential of sweat as a biomarker, in particular monitoring sweat ions, lactate and glucose content.
Physiological conditioning
Current training regimes rely on crude measurements of heart rate and accelerometer data to determine how much activity is being undertaken and the 'performance' levels of individuals. New technology allows for bespoke determination of the potential physiological reserve of a soldier in training, aiding performance enhancement and conditioning.
Military personnel, especially Spearhead units, should be considered elite athletes, and much like in professional sports, there is a continuous quest for improvements in the preparation of elite units at this standard. At this level, even small gains may potentially have a significant impact on operational effectiveness and give the required edge on the opposition. 18 
Casualty care
The optimum monitoring strategy, similar to the personnel strategy, would be continuous real-time monitoring for patients who have been injured, and this technology could be utilised from the point of injury continuously through to discharge, or potentially even outpatient management. Such a strategy could potentially detect physiological changes early enough to correct them before a deleterious clinical effect can take place. These sensors detect novel parameters such as heart period variability and reductions in tissue oxygenation that have been correlated with levels of haemorrhage and have been able to transmit physiological data to a remote data store to allow distant triage. 9, 10, 16, 21 Neurological injury and recovery still remain poorly understood, and this remains common in soldiers who suffer from direct head trauma resulting in traumatic brain injury (TBI), or less commonly blastinduced TBI. Currently, sensors have been developed, that, when used with clinical correlation can identify the extent of injury and the progress of patient recovery. 22 
Conclusion
There remains a real need for military development of physiological sensors both in terms of personnel and medical requirements. Whilst technology has been developed specifically for this purpose and military need, research is continuing to further miniaturise these devices and undertake trials to verify their functionality and efficacy, with the authors about to initiate Phase I trials of an advanced miniaturised sensor.
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